Little is known about environmental exposure to pesticides and the extent to which exposure is affected by drift from agricultural applications and take home exposure from agricultural workers. The study focused on 24 agricultural families in the northwestern United States and measured levels of organophosphate pesticides (OP) in house dust. Pesticide residues were significantly associated with the number of individuals in the home whose work included high exposure pesticide activities. Mean levels of pesticides were higher in the homes of workers who reported waiting more than 2 hours before changing out of their work clothes compared with homes where workers change within 2 hours after returning from work (p < .01). The results of this study provide evidence that workers can inadvertently carry agricultural chemicals from their work into their homes, thereby increasing the risk of pesticide exposure to other family members inside the home.
families and the potential for nonacute health consequences of exposure to pesticides.
In addition to general pesticide exposure from residential use and ingestion with diet, agricultural families potentially are exposed to pesticides through drift from nearby applications and take-home exposure from farm workers. A major class of pesticides, the organophosphates, has been under increasing scrutiny for environmental exposure and potential health effects. The symptoms of acute organophosphate pesticide (OP) exposure are well known. However, much less is known about the health effects from low dose chronic exposure. Household dust and yard soil are considered significant sources of exposure to pesticide residues for young children and toddlers (Lewis, 1994) .
The presence of pesticide residues in house dust have been documented in a number of studies (Bradrnan, 1997; McCauley, 200lb; Simcox, 1995) . Bradrnan (1997) found diazinon and chlorpyrifos house dust concentrations tended to be higher among farm workers compared to nonfarm workers. Other researchers have reported higher levels of pesticides in homes closer to fields and with larger numbers of farm workers McCauley, 2oolb) .
In 1995, the National Institute for Occupational Safety and Health (NIOSH) published a report about potential contamination of homes with occupational and environmental substances (Centers for Disease Control and Prevention [CDC), 1995), emphasizing the need for preventive measures to decrease this type of contamination. It is believed children of agricultural workers may be exposed to pesticides carried into homes on parents' work clothing. shoes, or equipment (Brodman, 1997 : CDC, 1995 Grieshop, 1994; Simcox, 1995) . Hygiene practices, such as removing shoes at the door. changing from work clothes promptly after leaving the fields, using door mats, improving vacuuming techniques. and frequent mopping of hard surfaces are encouraged to reduce home pesticide contamination (Bradman, 1997; Lewis, 1994; McCauley, 200 Ia; Napolitano. 2002) . Although it is assumed these practices are important in reducing levels of pesticides in homes, currently no published studies
What Does This Mean for Workplace Application?
Occupational health nurses should be aware ofcurrent workplace policies related to exposures to pesticides.
Worker training about pesticide safety should include a discussion ofthe potential to carry home pesticide residues on the workers'-clothing and shoes. Measures can be taken, such as removing work shoes at the door, changing promptly out of work clothes and showering, and washing work clothes separately from other laundry. Developmental characteristics ofchildren may predispose them toinadvertent environmental exposures to pesticides. Occupational health nurses should be knowledgeable about the nonspecific signs of pesticide toxicity.
demonstrate a relationship between hygiene practices of agricultural workers when they return home from agricultural fields and levels of pesticides in homes. The goal of this study was to characterize the pesticide exposures of orchard owners and operators and their families and determine the relationship between self report hygiene practices and the levels of OPs in the play areas of their homes. This study was part of a larger project aimed at reducing pesticide exposures among agricultural families. TIle following research questions were addressed: • Does an association exist between type of agricultural work ami levels of pesticide residues found in the home? • Are self reported, after-work hygiene practices associated with levels of pesticide residues in the home? • Are home and geographic characteristics associated with the levels of pesticide residues in the home?
METHODS

Recruitment
A convenience sample of 24 tree fruit orchard agricultural families was recruited in September to October 1998 by referral from members of the research project's advisory board (McCauley, 200la) and the Grower and Shippers Association in Hood River, Oregon. Agricultural families were defined as families who owned an orchard or had at least one family member who managed an orchard. Recruitment occurred via written announcement and word of mouth. Qualifying families were those with at least one adult member working in an orchard full time and with at least one young child. Preference was given to families living in or near an orchard. Four control families were also enrolled. These families lived in the area but more than one mile from any active orchard, were not employed in the agricultural industry, and had a child between 0 to 7 years.
Participants were contacted by telephone to set up a convenient time for interviewing and for environmental sampling the home for OP residues. The Oregon Health & Science University Committee for Protection of Human Participants approved al1 study procedures. At time of the visit, the research assistant explained the study and obtained informed consent.
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StUdy QUBst/onnalrBs AI1 questionnaires administered to participating families were previously used in the research program or are currently in use. AI1 instruments are available in Spanish and English. The questionnaires have been tested extensively for their content validity and their cultural appropriateness with both grower and farm worker populations (McCauley, 200 Ia; 200 Ib; . The questionnaires used in this investigation included: • The Family Information Form. This form is used to solicit information related to pertinent demographic variables including age of family members, years of education, and any occupation in addition to agriculture. Brief information is collected about the crops nearest to the home and the family's history in the orchard business.
• The Pesticide Use Survey. This survey is an adaptation of a previously developed instrument (Butterfield, 1993; Butterfield, 1995) to records self reported residential and noncommercial pesticide use in and around the home and garden. This includes chemicals used for flea treatment, weed control, rodent control, and mosquito control. Commercial spray records were also collected for the J998 growing season.
• The Agricultural work Practices Questionnaire. This questionnaire is used to solicit self reported information related to parental work practices. It includes detailed work descriptions, use of protective clothing, and personal and household hygiene practices.
• The Pesticide Inventory. This inventory is used to assess house cleaning practices, including the frequency of vacuuming or sweeping and dusting, and other possible exposure variables, such as the presence of pets, frequency of flea treatment, and storage of pesticides in and around the home. It also used to assess housing characteristics, including age, square footage, type of heating and cooling systems, drinking and waste water systems, and floor surface covering. • The Child Agricultural Safety Questionnaire. This questionnaire is used to record play locations and precautions taken by the family during pesticide spraying events and around spray equipment.
EnvlronmBntal Sampling and Laboratory AnalytIcal Procedu"s
Hand drawn schematic maps were made of the homes and their proximity to agricultural fields using distances paced by the research assistant. Environmental sampling of house dust was conducted in the entry area and in the children's play area of each home. If the entryway was uncarpeted flooring with a throw rug, the rug was vacuumed for dust samples and a floor swab was also taken 3 to 6 feet within the doorway. To designate a play area, the families were asked where their children played most often on the floor. These play areas could be common areas such as living rooms or family rooms or isolated areas such as a child's bedroom or playroom. Environmental sampling information was recorded on the type of room from which the sample was taken, the size of the sampling area, a surface description, and the number of days since last cleaning at the sample site.
In carpeted areas, samples were collected using a high volume, small surface sampler (HVS3, Environmetrics, Inc. and Engineering Plus, Inc., Seattle, WA) as described by Lewis (1994) and Simcox (1995) . All samples were collected in Teflon® (E.I.DuPont Company, Wilmington, DE) bottles by vacuuming a measured area on a rug or carpet designed to collect a sample of approximately 5g. Samples were transported to the lab in refrigerated coolers and stored at :::; -20°C prior to analysis. Dust samples were put through a sieve, extracted with organic solvents, and cleaned up using gel permeation chromotography (GPC). Samples were analyzed by gas chromatography (GC) equipped with pulse flame photometric detector (PFPD). The OPs (i.e., azinphos-methyl [AZM], diazinon, chlorpyrifos, malathion, parathion, phosmet) were confirmed with gas chromatography/mass spectrometry (GC/MS) mass selective detector using a single ion monitoring (SIM) mode. Specific methods for sample extraction and sample cleanup, involving filtration and GPC column cleanup, have been described previously (Moate, 2002) .
In the absence of carpet and rug coverings, bare floors were swabbed according to modified Occupational Safety and Health Administration (OSHA) methods (OSHA, 200 I), in which gauze dressing pads and cotton swabs wetted with isopropanol were used to wipe a measured sampling area. Samples were stored in a glass jar, transported to the laboratory in refrigerated coolers and stored at -20°C until analysis. In preparation for GCIPFPD analysis, samples were extracted in acetone, concentrated under a nitrogen stream, solvent exchanged into cyclohexane and filtered to remove fine dust particles and precipitate. Pesticides were confirmed by GC/MS using a SIM mode.
AnalytIcal VarIables and AnalysIs ofData
For data analysis, job characteristics were grouped into activities that had "high contact" with pesticides (e.g., mixing, loading, applying pesticides, crop dusting, flagging for crop duster, tree thinning) and "little or no contact" (e.g., supervising. managing, irrigation, frost protection, fruit packing and sorting, office or fruit stand work). Tree thinning is the process of removing young fruit to increase the overall fruit size, and occurs soon after OP application. Because the worker is required to climb into the foliage of the trees to remove young fruit, this work process was included in the high contact group. Simcox (1999) documented pesticide residues on apple foliage throughout a 6 week period in which thinning was conducted, indicating the potential for continuous exposure.
A summary variable was created reflecting the sum of all OP residues found in a dust sample without regard to relative toxicity. Organophosphate pesticides included were AZM, chlorpyrifos, malathion, and phosmet. Diazinon and parathion were not included because no detectable residues were found in any sample. The limit of detection (LOD) for each residue was based on the lowest concentration of a known standard that could be detected and measured. A nondetect sample was treated as one half the LOD. Play area samples were described as "common" if samples were taken in a living room or family room and "isolated" if col-
lected in a child's bedroom or play room, to account for the relative amount of foot traffic at the sample site.
An exposure variable was also created to quantify an aggregate effect of after-work hygiene practices thought to increase the presence of pesticide residues in the home. This variable was based on the male worker's responses to: • Ever entering the home with work clothes on. • Ever entering the home with boots or shoes on. • The time between arriving home and washing up • The time between aniving home and changing.
Scores ranged from 0 to 4. higher scores indicating the worker in the household responded that he engaged in a higher number of practices thought to increase pesticide residue levels in the home. Variables used in these analyses are summarized in Table 1. T tests, nonparametric statistics, and ANOVAs were used to compare levels of pesticides residues according to work activity and within areas of the home and between homes. Correlations were used to compare distance from the orchard and levels of pesticides in the home. Multiple regression models were used to assess relationships between home characteristics, work practices. home cleaning practices, and levels of pesticides. All P values are two sided.
RESULTS
Family Characterlstfcs
Of the 24 agricultural families, 22 worked on a family owned or operated orchard (91.7%). Other agricultural work included five individuals who worked in packinghouses and one who was employed in agriculture chemical research and development. Fifteen families (62.5%) reported one family member working in agriculture at the time of the survey and nine families (37.5%) reported two family members. 1\venty three of the families reported at least one member of their family performed jobs in which high contact to pesticides was possible (e.g., mixing, loading or applying pesticides, flagging, tree thinning). None of the four control families were employed in work with any activities with known or potential pesticide contact.
HousIng Characterlstfcs
Most families lived in single family, unattached homes, one family lived in a trailer home, and one in a manufactured horne. Table 2 shows homes ranged in age from 8 to 90 years with mean age of 50.4 years (SD =27.6). The mean square footage of the residences was 2.286 square feet (SD =896, range 900 to 4,300 square feet). The mean resident density of the homes was 577 square feet per person (SD = 267). The distance of the home to the nearest active orchard ranged from 14 feet to 4,752 feet, with a mean distance of 238.9 feet (SD = 961.8), and median distance of 35 feet. Control homes were comparable for size and resident density, and had a mean distance of 1,883.8 feet (SD =634.4, range I, 100 to 2,640 feet) from an active orchard.
Twenty two of the 24 agricultural families (91.7%) reported owning cats, dogs, or both. These pets tended to move between the inside and outside of the home, rather than being exclusively an indoor or outdoor animal.
Forty-one percent (n =9) of families owning cats or dogs reported using a Ilea or tick treatment on the animal. 1\vo of the four control families also owned pets, and one family reported using a flea or tick treatment. TIle usc of pesticides, including insecticides, herbicides, fungicides, and rodeuricides in the home and yard was reported hy~7.5% (1/ =21) of the agricultural families, and 5H.3 t }i , (II = 14) were currently storing a nonagricultural pesticide or herbicide inside the horne. Five of the agricultural families (20.R%) reported using a product containing an organophosphate active ingredient (i.e., diazinon, chlorpyrifos, malathion) in and around the home. No control families reported residential use of an OP.
HOUSBhold elBanlnll
All agricultural families had carpeted and uncarpctcd lloors in their homes and owned a vacuum cleaner with a rotating brush. Of the 24 families, 29.2% (II =7) reported vacuuming or shaking carpets daily to several times per week. Uncarpeted floors were reported to be cleaned by sweeping, vacuuming, mopping with wet mop. mopping with a commercial cleaning product, or wiping with a dry cloth. The majority of the families (54.2%, II =13) reported cleaning uncurpeted floors daily to several times weekly. 
Work Activity and Levels ofHome Pesticide Residues
The most common OP detected in the children's play area of agricultural homes was AZM (Guthion'", Bayer CropScience, Kansas City, MO) found in 19 of the 24 play areas (79.2%). The levels detected ranged from nondetects to 7.34 ppm with a median of 0.71 ppm. Other OPs detected in play areas included chlorpyrifos in seven homes (median, 0.14 ppm), phosmet in seven homes (median, 0.38 ppm), and malathion in three homes (median, 0.15 ppm). The sum of all OP residues ranged from nondetects to 11.02 ppm (median, 1.06 ppm). No OP residues were detected in the play areas of the four control homes.
Azinphos-methyl was also the most common pesticide found in the entryways of agricultural homes. Residue levels ranged from nondetects to 7.14 ppm with a median of 1.64 ppm, more than two times the median of AZM found in play areas. Total OP residue levels ranged from 0.13 ppm to 7.61 ppm, with a median level of 2.22 ppm-also more than two times the median of the total OP residue levels found in play areas. Swabs of the uncarpeted entryway surfaces detected AZM, chlorpyrifos, parathion, and malathion. Residue levels in the uncarpeted areas ranged from nondetects to 0.46 nanograms per square centimeter, noticeably lower than the residue levels found in carpet.
The median level of total OP residues found in dust samples from play areas of homes was significantly associated with the number of individuals in that home reporting high contact job descriptions (W = 194; p = .(07). Median residue levels for total OPs was 4.4 ppm higher in homes with two individuals reporting direct pesticide contact work compared to homes in which only one adult reported these job activities. Suggestive evidence (W = 195; p =.06) was found that median levels of total OP residues were higher in homes having at least one person involved with a tree thinning relativeto homes where no one was involved in the task. The median level of total OPs was somewhat higher in dust samples taken from a common area (1.19 ppm) rather than in isolated area (.84 ppm). However, this difference was not statistically significant (W =68; p =.66).
After adjusting for location of the sample area, researchers found a significant association between average level of total OP residue and the reported number of days since the last cleaning of the area where the sample was taken (partial correlation =045; p =.03). Mean levels of total OPs increased approximately 1.2 ppm for each additional week since the last reported vacuuming (95% CI, 0.1 ppm to 2.2 ppm).
After-work Hygiene Practices
No significant association was found between reports by male workers that shoes or boots are removed before entering the home and total level of OPs (W =86, p =.36) or the level of AZM (W =83, p =.46). However, the highest level of AZM was found in the home of the one worker who reported never laking off this shoes or boots before entering (7.34 ppm). Table 3 shows the mean levels of total OPs and AZM are significantly higher in the homes of male workers who reported waiting more than 2 hours before changing out of their work clothes compared with homes where male workers changed within 2 hours after returning from work (t (2 I) =-3.3, p < .0 I for both AZM and total OP).
No association was found between the mean levels of residues in the homes of the workers who washed immediately after arriving home and those who waited more than 30 minutes (t (22) = .13, p = .89 for AZM; t (22) = 049, p = .63 for total OP). Similarly, no significant association was found between the summary variable that combined all after-work hygiene behaviors and the mean levels of AZM or total OP residues found in the home (r =.17, p =043 for AZM; r =.05, P =.80 for total OP).
Home Characteristics and Pesticide Residue Levels
A slight, but insignificant, trend for pesticide residues to be higher with increasing age of the home was found (r =.25, p =.25 for total OP; r =.26, P =.22 for AZM). A slight correlation was also seen between total square feet of the home and levels of total OP residue (r = 040, P = .08). However, this correlation decreased when adjusted for the age of the home (partial correlation =.31, P = .16).
No signilicant association was found between the total OP residue level and distance from home to nearest active MARCH 2003, VOL. 51, NO.3 orchard (r = -.09, p = .50). However, all the homes sampled were in close proximity to active agricultural fields.
A weak, but not significant, correlation was found between the levels of total OP residues found and the number of individuals in the household (r = .22, p = .29).
Pesticide use in the home and total number of pets in the home did not have a significant influence on the levels of total OP residues (W = 60, p = .39 use versus no use; r =.02, P =.95 number of pets).
DISCUSSION
The result" of this study add to a growing body of knowledge related to potential environmental contamination with agricultural chemicals. Studies are needed to investigate the association between environmental contamination and health effects. These results also have significant implications for worker and family training and education.
Environmental Contamination
The results of this study provide evidence that workers can inadvertently carry agricultural chemicals from their workplace into their homes, thereby increasing the risk of exposure to these substances to other family members. TIle researchers and other investigators have previously reported the presence of pesticide residues in the home dust of agricultural families (Bradman, 1997; McCauley, 200 Ib; Simcox, 1995) . Once inside the home, these residues are not degraded to the extent that they are when exposed to rain and sun and, thus, create a constant source of exposure to children in the home. It is likely that the pesticide residues in home dust are deposited both by afterwork hygiene practices and through drift from nearby agricultural fields treated with these chemicals.
Overall, the researchers found the range of OP levels to be almost two times higher in entryways than in play areas. However, the researchers did find the highest level sampled in any of the homes was from a children's play area (11.02 ppm). This finding is of concern because, in some instances, pesticide levels in play areas of the home equal or exceed those found in heavy traffic entrance areas.
Levels of pesticides were also lower on hard floor surfaces compared to carpeted areas. This finding is likely to reflect more elTective removal of dust and pesticides after cleaning of a hard surface as compared with a carpeted one.
To the researchers' knowledge, the findings from this study of a small number of agricultural families are the first data indicating the levels of pesticides in homes are related 10 the self reported behaviorsof agricultural workers. However, the study is limited with its small sample size, and the horne levels of pesticide residues may not be generalizable to other agricultural communities. Additional studies are needed related to the effect of after-work hygiene practices on home contamination from pesticides,
HBalth E"BctS from ExposurB toPBst/cldBS InthB EnvlronmBnt
Although the relative risks of negative health effects from home contamination with pesticide residues have not been documented, it seems prudent to educate workers about preferred methods of after-work hygiene to decrease this potential source of family exposure. Low dose chronic exposure of children to environmental pesticides is an area of growing public health concern. In 1993, the National Academy of Sciences (NAS) published a landmark report, Pesticides ill tilt, Diets of Infants and Children (NAS, 1993) . This study found that children have unique patterns of exposure to environmental contaminants, as well as developmentally determined vulnerabilities.
In addition to diet, it is believedchildren also have significant exposure to pesticide residues in their horne and school environments via ingestion, inhalation, and dermal routes. Children's daily activities, proximity to floors, carpels, lawns, and the frequency of hand to mouth activity may put them at higher risk for pesticide exposure than adults. There is a scarcity of research related to low dose chronic exposure 10 pesticidesand health effects. However, neurological problems such as anxiety, memory deficits, mood changes, vision impairments, and delayed neuropathy have been reponed in adult populations exposed to toxic levels of OP (Rosenstock, 1991; Steenland, 1994) . Studies have suggested children of workers exposed to agricultural chemicals have increased risks of childhood cancers (Daniels, 1997; Savitz, 1(90) . Although more studies are needed to definitively describe the link between exposure to agricultural pesticides and health effects, it seems wise to educate workers and families about ways to decrease the potential exposure to these agents.
Training and Education
The U.S. Environmental Protection Agency promulgated the Worker Protection Standard (WPS) in 1992, which specifies that agricultural workers receive basic training related to pesticide safety, including the potential risks involved in fieldwork, and how to protect oneself from these risks. The orchard owners and operators in this sample most likely received the higher level WPS training targeted to individuals who mix or apply agricultural chemicals. These WPS certified training materials, such as the EPA Ilipchurt and hooklet (U.S. Environmental Protection Agency, 19(8) , have numerous references to pesticides and the forms and modes in which one can he exposed. However, little is mentioned about pesticide residues. No training focusing on measures to decrease the potentialof horne contamination with pesticide residues is required for general farm workers, although pesticide residues have been found on and around crops well after the reentry interval has passed and workers are allowed into the field (Bradman,1997; Lu, 20(XI; McCauley, 2001b; Simcox, 1995;  118 Simcox, 1999) . Most of the illustrations and commentaryin the WPS training materials involve direct contact with pesticides, such as what to do if a pesticide is splashed in the eye, swallowed,or is spilled directly on the skin.
Training is needed about preventive measures to decrease the risk of horne contamination. As outlined by the National Institute for Occupational Safety and Health (NIOSH) (CDC, 1995) , the measures include: • Reducing exposures in the workplace. • Changing clothes before going home and leaving the soiled clothing at work to be laundered by the employer. • Storing street clothes in separate areas of the workplace to prevent contamination. • Showering before leaving work.
• Prohibiting removal of toxic substances or contaminated items from the workplace.
Given the nature of agricultural families, many of these measures may not be applicable. However,changing clothes and showering promptly after leaving the fields and separating work clothes from other laundry should be part of the educational message. In addition, work shoes have been shown to be a major source of pesticide residues and should always be taken off outside the home.
These measuresare important for all agricultural workers, hoth farm owners and farm workers. However, compliance with these prevention measuresmay be challenging for farm workers who have limited changes of clothing, and poor access to laundry and shower facilities (Elmore,2001) . The farm workerpopulation also has morecrowded housing with multiple workers in single dwelling, increasing the levels of pesticide residues in the housing (McCauley, 200lb) . Although increased worker education is indicated, it is important to recognize that knowledge alone does not equate to preventive behaviors (Quandt, 1998) . Arcury (200I) reported that most workers go to a laundromat to wash clothes and 20% wash their clothes by hand. More than half of the farm workers sampled by Arcury wait at least I hour before showering after work. Changes in the housingof seasonal and migrantworkersare needed so recommended protective behaviors can be implemented (i.e., improved laundry, showering, and changing facilities).
It is important for agricultural families to understand that pesticide residues tracked into the home can persist in the indoor environment for some time. It is also prudent to inform the families that certain work tasks, such as mixing and applying pesticides or thinning foliage, are associated with higher potential for pesticide exposure, but that pesticide exposure is a risk for most agricultural work tasks. A more effective educational message is to observe protective measures in all agricultural work with the possibility of direct or indirect exposure to pesticides.
IMPLICATIONS FOR OCCUPATIONAL HEALTH NURSING
Little is known about the extent of take-home exposures and their potential health consequences for workers and family members (CDC, 2002) . After pesticides are transported into horne environments, they degrade less rapidly than when exposed to sun and rain. The after-work hygiene practices of workers contribute to the levels of pesticides in their homes. Preventive mea-sure training is needed to decrease the risk of home contamination including: • Reducing pesticide use and exposures in the workplace. • Removing work shoes before entering the home. • Changing clothes before going home or after arrival. • Showering promptly after work. • Laundering work clothes separately from other household laundry.
• Frequently cleaning surfaces areas in the home. • Not storing agricultural pesticides in homes.
Families in agricultural communities need special training focusing on measures to reduce the exposure of their children to pesticides including: • Observing child labor restrictions related to work with pesticides.
• Teaching children about re-entry signs after pesticide applications.
• Teaching children the hazards of playing around irrigation equipment and other equipment used to apply pesticides. • Safely storing agricultural chemicals. • Cleaning children's toys and play equipment after pesticide applications.
The findings of this study were based on growers and operators of farm ventures. The homes in this sample were not crowded, and laundry facilities were available in each home. Unfortunately. this is not the case with seasonal and migrant farm worker families. Special consideration is needed for farm worker families living in congested housing and lacking shower and laundry facilities. Employers need to recognize that the housing characteristics provided to these workers may increase the risk of pesticide exposure to these workers and their families.
Occupational health nurses should be knowledgeable about the safety practices described in this article. Nurses also must know the acute signs of organophosphate intoxication and be cognizant that the signs of pesticide toxicity may be nonspecific and include headache, nausea, and influenza like symptoms.
